Plant-Plant competitive interactions have been reported to be among the forces that shape plant 19 community structure. We studied the effects of varying the density of Cynodon dactylon on the 20 growth and development of the invasive plant species Tagetes minuta and Gutenbergia 21 cordifolia in pot and field plot experiments following a completely randomized design. 22 Increasing densities of C. dactylon strongly reduced T. minuta and G. cordifolia growth and 23 development, leaf total chlorophyll and increased leaf anthocyanin of both invasive species. 24 These detrimental effects may have contributed to poorer T. minuta and G. cordifolia 25 performance under C. dactylon densities of more than 8 individuals per pot/plot compared to 26 those in pots/plots without C. dactylon. This study suggests that C. dactylon can be successfully 27 used to manage the two invasive plants, thus, improving forage production and biomass in 28 affected rangelands. 29 30 31 32 33 34 35 36 37
The high competition ability for nutrients, water and light of some native grass species such as 48 Cynodon dactylon is likely to contribute to their competitiveness [8] . Cynodon dactylon has been 49 reported to successfully escape from stresses like invasion and drought by creeping away from 50 invaded areas through stolones and by developing a deep root system [9, 10] . It can grow on soils 51 with a wide range of pH, survive flooding [11] and can grow over twice as large in mixed 52 cultures than in monoculture [12] . The plant has further been reported to be highly competitive 53 over most crops [13] , which highlights its importance as a potential fodder grass for management 54 of invasive weeds. 55 Tagetes minuta is an unpalatable exotic invasive plant native to Mexico [14] and it has escaped 56 cultivation in most nations and is considered a noxious weed in parts of southern Africa [15] . 57 This species has been introduced into various areas to the extent that it became a weed in most 58 rangelands and farmlands of Tanzania [16] . Recently, the species has been reported as among 59 problematic weeds that have invaded the Ngorongoro Conservation Area [17] . Gutenbergia 4 60 cordifolia on the other hand is an annual plant native to Africa. Its leaves and flowers are 61 allergenic and toxic to animals as they contain a chemical sesquiterpene lactone [18, 19] that 62 alters the microbial composition of the rumen and thereby affects its overall metabolic 63 functioning [20] . While in Kenya the plant has already been reported as an invasive weed in 64 most farmlands [21, 22] in Tanzania the species seems to have invaded and dominated more than 65 half of the World Heritage site Ngorongoro crater floor (250 km 2 ) [23] and most parts of the 66 Serengeti ecosystem (Pers. obs). 67 Management of invasive weeds in protected ecosystems poses great challenges as herbicides, 68 which have proven successful in farmlands, are not recommended. Herbicides often have strong 69 negative effects on other native flora and fauna should they be chosen for management purposes 70 [24, 25] . Although alternative management options such as uprooting and mowing are often opted 71 for, they are labor-demanding and only a short term remedy as many invasive plant seeds remain 72 in the soil seed bank. Therefore, we claim that if utilized well, plant density dependent 73 competitive interactions might present an opportunity for developing management strategies for 74 some problematic weeds such as Tagetes minuta and Gutenbergia cordifolia, thereby helping in 75 the restoration of previously invaded ecosystems particularly grazing areas. As a low-cost, low 76 impact management technique, plant-plant competition has been reported to be effective in 77 restoration projects [26] . 78 We aimed at utilizing C. dactylon as a competitor due to its agronomic value as a forage species 79 [27] . Also this species was found in previous studies to be highly competitive [8] due to, among 80 other reasons, its ability to form deep roots [9, 10] and as it can grow on soils with a wide range 81 of pH [11] . We studied the density dependent competitive effect of C. dactylon on growth 5 82 parameters and leaf pigments of T. minuta and G. cordifolia. We set up screen house and field 83 plot experiments by varying C. dactylon densities and hypothesized that this species will 84 suppress the two weeds and, therefore, reduce their growth and development through suppression 85 of the studied parameters. This study will pave a way for the application of C. dactylon as a 86 management strategy in controlling of T. minuta and G. cordifolia invaded areas in rangelands 87 for improved pasture production. Tagetes minuta and G. cordifolia seeds were sown separately in pots (screen house) and in plots 91 (field), in combination with C. dactylon following a simple additive design [28] in early 2016. 92 Clay-loam soil was used in both experiments, which is similar to the Ngorongoro Crater's soil 93 where invasion has occurred. The two invasive species were referred to as "Weed species (W)" Based on the used pots/plots size, density proportions of sown weed versus species Cd (W: Cd) 99 were as follows: 2:0, 2:4, 2:6, 2:8 and 2:10, whereby 2:0 was used as control and each treatment 100 was replicated three times ( Fig 2) . A total of 30 pots (five densities, three replications and two 101 species) and 30 plots (five densities, three replications and two species) were used in this study. 102 The interaction between Wt, Wg and Cd under uniform conditions (space, moisture and nutrients) 6 103 was studied using a completely randomized design. Seeds of both Cd and W were sown at a 104 spacing of ≥ 2 cm apart. During the first two weeks, 100% of planted seeds germinated, during 105 this period pots / plots were irrigated with water ad-libitum to ensure establishment. After 106 successful establishment plants in all pots / plots were irrigated with 0.5 liters of water daily, 107 watering ceased at anthesis which marks the end of vegetative growth (meristematic and 108 elongation) phase of both weeds (9 weeks). Cynodon dactylon densities ranged from 0 to 10 while the number of weeds per plot was two.
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Bars with dissimilar letters are significant by Fisher LSD at p = 0.05 13 219
Leaf pigmentations 220
In both T. minuta and G. cordifolia, total leaf chlorophyll content differed significantly across 221 the five C. dactylon treatments that were planted separately (p < 0.05) (Fig 9; Tables 1 and 2) . 222 Tagetes minuta and G. cordifolia in control pots/plots had three times total leaf chlorophyll than 223 T. minuta and G. cordifolia contained in pots/plots with C. dactylon density ≥ 8 per pot or plot. 
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236 growth parameters 237 The experiments showed that increasing densities of C. dactylon affects T. minuta and G. dactylon potentially reduce T. minuta and G. cordifolia seeds to be deposited in invaded areas. 250 Therefore, the observed evidence suggest that; reduction in of panicles is likely to reduce seed 251 production by weeds, thus allowing for application of this technique in the management of weeds 252 in affected areas [38, 39] another possible cause of increased anthocyanins in leaves of both T. minuta and G. cordifolia 292 exposed to increasing density of C. dactylon. Generally, the presence of these pigmentations in 293 leaves is normally associated with stressors [48] . In this study, the stressor that have possibly 294 induced increased anthocyanins in leaves of both T. minuta and G. cordifolia can be associated 295 with competitive effects of C. dactylon for the available nutrients, space and water. It is a known 296 fact that the rate of photosynthesis is directly proportional to plant's chlorophyll content [51] 297 intercepting solar radiation. Anthocyanin pigments reduce a plant's chlorophyll content, thereby 298 negatively affecting photosynthesis. Therefore, we claim that treating the two weeds with 299 increasing densities of C. dactylon can be used to biologically manage the two invasive weeds 300 efficiently. 
